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Converse GES Geoenvironmental Services

@ 3131 Elliott Avenue
Suite 560
@ Seattle, Washington 98121
(206) 285-4192 TEL
(206) 285-6231 FAX

July 5, 1990 89-45527-02

Pacific Northern 0il

North Tower - Suite 200
100 West Harrison Plaza
Seattle, Washington 98119

Attention: Mr. George Markwood

Subject: PHASE I REMEDIAL INVESTIGATION
FINAL REPORT

Gentlemen:

Our Phase I Remedial Investigation report accompanies this letter. The
. draft version of this report was produced January 5, 1990. Recommendations
were provided in the draft report for an interim product extraction system.
Since that time, Pacific Northern 0i1 has followed through on this
recommendation and Converse is presently designing and obtaining the
l necessary permits for the system. A pump test was performed on well MW-6
to determine aquifer parameters and establish design criteria for the
system. In addition, as part of the information required for a METRO
' discharge permit, well MW-3 was resampled and a priority pollutant scan and
soluble sulfide analysis was run. The information from the pump test, the
priority pollutant scan and design drawings of the system will accompany a
l forthcoming report on the interim remedial action plan at PNO’s pipeline
site at Terminal 91.

We have enjoyed working on this report for you and look forward to
successful completion of the interim product extraction system.

Sincerely,

CONVERSE GES
£ 2 1. e

Erick W. Miller
Project. Hydrogeologist

o W s

Ronald E. Guest, P.E.
President

EWM/am
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EXECUTIVE SUMMARY

This report presents the results of our Phase I Remedial Investigation
at Pacific Northern 0il’s Terminal 91 facility. Results of previous
investigations at Terminal 91 by Hart Crowser (September 11, 1989) and
Converse GES (November 22, 1989) have been incorporated into this re-
port. In the November 22, 1989 preliminary hydrogeologic assessment
performed by Converse GES, one round of groundwater samples obtained
from the four existing wells were analyzed for total petroleum hydro-
carbons (TPH). Groundwater Tlevel measurements were taken throughout a
24-hour period to determine the tidal influence on groundwater gradient.
Groundwater and chemical data were used to site four additional moni-
toring wells installed as part of the Phase I Remedial Investigation.

Four additional monitoring wells were installed on November 29 and 30,
1989 to a nominal depth of 17 feet. Soil samples were obtained at 2.5-
foot intervals from the monitoring well borings and field screened with
a photoionization detector. Three samples from each boring were se-
lected for laboratory analysis based on field screening and proximity to
the water table. Following well development, groundwater samples were
collected from all eight wells and submitted to Laucks Testing Labora-
tories, Inc. for TPH analysis.

Results indicate the presence of floating hydrocarbons in monitoring
wells MW-3 and MW-104. Measured product thicknesses in MW-3 range from
0.24 to 0.69 foot. The change in product thickness appears to be a
function of tidal fluctuations where the product layer increases with a
declining tide. A thin layer of floating hydrocarbons, 0.01 foot thick,
was measured in MW-104. The two product Tenses do not appear to be
connected. The areal extent of free product at MW-3 is constrained by
monitoring wells MW-102, MW-11, MW-6, and MW-2. The eastern extent is
constrained by the retaining wall. Using a porosity of 20 percent, a
free product areal extent of 11,450 square feet, and a true product
thickness range of 0.02 to 0.08 foot, an estimated 340 to 1,370 gallons
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of free product are present on site. The spatial separation of the two
product lenses may indicate two sources or a physical discontinuity
between the wells such as a bulkhead.

With the exception of the boring east of the east retaining wall, TPH-
contaminated soils were found throughout the area of investigation.
Elevated levels of total petroleum hydrocarbons in soils occur predomi-
nantly at the water table and slightly above. Boring B-4, installed in
an earlier investigation on the east side of the bulkhead, had TPH con-
centrations below the detection limit at the water table indicating the
bulkhead serves as a barrier to product migration. Product entering the
short fill lagoon appears to be seeping through cracks in the bulkhead
or under the bulkhead. TPH concentrations in soils generally increase
from west to east with the highest concentrations along the east side of
the bulkhead.

Monitoring wells exceeding the Department of Ecology cleanup guidelines
of 15 ppm for groundwater include wells MW-3 and MW-101. Monitoring
well MW-2 had a TPH 1level equal to the cleanup guideline during the
October 30, 1989 sample event. Monitoring well MW-104, which had a 0.01
foot layer of free product prior to well development, had a TPH concen-
tration of 6.2 ppm. TPH concentrations were significantly lower in
wells obtained after well development.

Additional excavation along the pipeline could be used to Tocate unknown
branches of the pipeline, in the vicinity of MW-3, which may be a poten-
tial source. If additional excavation is not planned, ground penetrat-
ing radar could be used to locate possible buried pipeline splays.

A large-diameter recovery well or sump in conjunction with a product
recovery system is recommended in the vicinity of MW-3 for extraction of
floating hydrocarbons. This system would be wused for interim product
removal and could be expanded at a later date pending further definition
of the contamination. Once the product recovery system is in place, a
pump test is recommended to determine the continuity of the aquifer and
the possible connection between monitor wells and product lenses.

ii
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At present, the Port of Seattle is investigating a leaking underground
storage tank at the north end of the cold storage warehouse. Ground-
water level and chemical data should be obtained from this investiga-
tion.

An additional round of groundwater samples from the eight existing moni-
toring wells should be obtained to more adequately characterize the TPH
concentrations in groundwater. This data, in conjunction with data from
the cold warehouse storage tank investigation and pump test, should be
used to site additional monitoring wells, if appropriate.
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INTRODUCTION

This report presents the results of our Phase I remedial investigation
for the petroleum spill at Port of Seattle Terminal 91. Results of pre-
vious investigations at Terminal 91 by Hart Crowser (September 11, 1989)
and Converse GES (November 22, 1989) have been incorporated into this
report. The report includes a summary of field and laboratory data,
interpretation of groundwater flow and contaminant data, and conclusions
and recommendations for free product removal and additional site charac-
terization. These services are provided in accordance with our proposal
dated October 12, 1989.

Terminal 91 is located at the north end of El1liott Bay at the Magnolia
Bridge crossing, as shown in Figure 1. Pacific Northern O0il operates a
ship refueling facility at Terminal 91. Chemical Processors, Inc.
(Chempro) holds the master lease to the refueling facility from the Port
of Seattle and subleases to Pacific Northern 0il. ‘

Pacific Northern 0i1 has operated the Pier 91 facility for 10 years.
During that ten year period, Pacific Northern 0i1 has tested both the
diesel and bulk fuel o0il pipelines on an annual basis. The system is
tested to 200 psi and is held for a period of four hours. Al1l hydro
tests have complied with U.S.C.G. regulations of 1.5 times the working
pressure. The facility has a minimum test requirement of 187.5 psi.

A1l tests are conducted during the months of June through September.
The pipeline was originally constructed in 1935 for use by the military.
During Pacific Northern 0i1’s tenancy at Pier 91, there have been two
pipeline failures experienced during transfers using the BFO Tine. Both
failures were located and repaired. In addition, 500 feet of the line
between the main entrance and the chill house, where the two failures
were experienced, was replaced in 1985.

Petroleum seepage in the vicinity of the pipeline adjacent to the short
fi11 Tagoon was reported in the summer of 1989. A soils and groundwater
investigation of the seepage was conducted in the pipeline vicinity by
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Hart Crowser (0i1 Seepage Investigation, Short Fill Pond, Terminal 91,
September 11, 1989) under contract to the Port of Seattle. In response
to the findings of this investigation, a hydrotest was performed by
Pacific Northern 0i1 on August 8, 1989. Results of this test indicated
a failure in the diesel system. The system was taken out of service and
after hydro test failure, the section around the area of contamination
identified by Hart Crowser was abandoned. All testing information is
retained on file by Pacific Northern 0Qil.

Subsurface explorations in the Hart Crowser investigation consisted of
eleven soil borings, four of which were completed as monitoring wells.
Soil samples were obtained from the borings at 2.5-foot intervals and
analyzed for fuel mixtures using a gas chromatograph coupled with a
flame ionization detector (GC/FID). Selected samples were sent to an
analytical testing laboratory for confirmation of the petroleum
screening and for analysis of volatile and semi-volatile compounds.
Elevated concentrations of petroleum hydrocarbons were detected in all
but one of the soil borings. Petroleum hydrocarbon concentrations were
less than the detection limit at boring B-4, located in the short-fill
area, just east of a concrete retaining wall. No volatile or semi-
volatile compounds were detected in soil samples. Subsurface data and
results of the GC/FID petroleum screen have been incorporated into this
report. No groundwater samples were analyzed in the Hart Crowser 0il
Seepage Investigation.

Converse GES performed a preliminary hydrogeologic investigation to
determine chemical gradients, groundwater flow direction and tidal in-
fluence on groundwater flow (Converse GES, November 22, 1989, Prelimi-
nary Hydrogeologic Assessment Report, Terminal 91 Facility, Seattle).
This data was used to site four additional monitoring wells for the
Phase I Remedial Investigation. Data from this investigation has also
been incorporated into this report.

The purpose of this investigation was to define the extent of ground-
water contamination at Terminal 91, to the extent feasible using the
data collected from the four additional monitoring wells, and to make
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specific recommendations for additional monitoring wells and a product

recovery system as necessary.

METHODS OF INVESTIGATION

On October 30, 1989, the four existing 2-inch diameter monitoring wells
(MW-2, MW-3, MW-6, and MW-11) at Pacific Northern 0il’s Terminal 91 site
were sampled. The monitoring well Tocations are shown on Figure 2.
Prior to sampling, three to five casing volumes were removed from each
well to ensure fresh formation water at the time of sampling. Samples
were placed in an ice chest chilled with blue ice and delivered to
Laucks Testing Laboratories in Seattle for analysis of total petroleum
hydrocarbons (TPH) using EPA method 418.1.

Groundwater levels were measured throughout the duration of one tide
cycle to determine if diurnal fluctuations in tide would have an impact
on the direction and gradient of groundwater flow. A Terra-8 datalogger
utilizing pressure transducers in the 0 to 5 psi range was programmed to
take measurements of groundwater levels from monitoring wells ~MW-2,
MW-3 and MW-6. After obtaining initial hand measurements of the static
groundwater depth, the pressure transducer probes were lowered into the
respective monitoring wells to a depth of approximately 5 feet below the
water table. The duration of the groundwater Tlevel measurements was
from Thursday, 11/09/89 11:23 a.m. until Friday, 11/10/89 2:04 p.m.
Three high tides and two low tides occurred during the measurement

period.

Groundwater and chemical data were summarized in a preliminary hydro-
geologic assessment report dated November 22, 1989. The data was used
to site four additional monitoring wells to define the extent of hydro-
carbon contamination in a Phase I Remedial Investigation. Four monitor-
ing wells, MW-101 through MW-104, were used to explore subsurface and
groundwater conditions and collect samples for chemical testing. These
wells were drilled to a nominal depth of 17 feet. The well Tocations

are shown in Figure 2.
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Port of Seattle engineering drawings were carefully reviewed prior to
drilling to determine the Tlocation of buried utility lines. In addi-
tion, the underground extensions of utilities identified in the field
were traced using a Goldak pipe-cable locator.

Soil samples from the four monitoring well borings were obtained at
24-foot intervals using a Standard Penetration Test (SPT) and a split
spoon. Three soil samples from each boring were selected based on field
screening with a photoionization detector and proximity to the water
table. Samples were placed in a pre-cooled ice chest and transported to
Laucks Testing Laboratories for TPH analysis using EPA method 418.1.
Chain-of-custody procedures were followed for all sampling and transpor-
tation. Complete details of drilling and sampling methods are presented
in Appendix A with the boring logs and well completion diagrams.

Each of the four borings were completed with a 4-inch diameter monitor-
ing well. The wells were cased with schedule 40 PVC blank casing and 10
feet of machine slotted PVC screen with 0.0l1-inch slot size. A filter
pack was placed from the bottom of the boring to 2 feet above the
screened interval. A 2-foot bentonite seal was placed above the filter
pack, and cement grout was used to seal the remaining annular space.
A1l wells were finished off with flush mounts. Details of well con-
struction and well completion diagrams are presented in Appendix A.

On December 6 and 7, 1989, the four existing monitoring wells and the
four new wells were developed by bailing and sampled. Samples were ob-
tained from the eight-well monitoring well network with a Teflon bailer
and transported to Laucks Testing Laboratories for TPH analysis by EPA
method 418.1. Details of well development procedure and groundwater
sampling are presented in Appendix B.

Subsurface Conditions

Subsurface conditions at Terminal 91 consist of approximately 5 feet of
fi1l material overlying native sands, gravelly sands and sandy gravels
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of probable marine origin. The fill material consisted of a dry, medium
dense, medium-size sand with pea-size gravel.

A moist to saturated, gray, medium to coarse sand was encountered im-
mediately beneath the fill. In places, minor gravel was present within
the sand. Small angular broken pieces of shell fragments were observed
in this unit, suggesting a marine origin. Geologic cross section A-A’
(Figure 3) and geologic cross section B-B’ (Figure 4) present north-
south and east-west cross sections, respectively, through the site. The
cross section lines are shown in Figure 2. The sandy fill material and
native sands are depicted as a single unit in the cross sections and
designated as gravelly sand and sand.

A saturated, gray, sandy gravel was located beneath the sand and gravel-
1y sand deposits. This layer also contained a minor percentage of shell

fragments. The sandy gravel layer depicted in Figure 3 thickens toward

the north and thins toward the south of the site.

Tidal Response and Groundwater Flow Direction

Hydrographs of the static water level elevations collected from MW-2 and
MW-6 during the tidal response investigation are shown on Figure 5. The
response of the groundwater Tlevel to the high tide on 11/9/89 at 1:09
p.m. and on 11/10/89 at 2:14 a.m. is shown by the peaks of the graph
occurring at approximately 200 minutes and 900 minutes, respectively.
Likewise, the troughs of the plot occurring at approximately 550 minutes
and 1200 minutes represent the groundwater levels during the low tide on
11/9/89 at 7:58 p.m. and on 11/10/89 at 7:43 a.m. The total net water
level fluctuation was 0.23 foot for MW-6 and 0.24 foot for MW-2. A
maximum water level fluctuation of 0.34 foot was recorded in MW-11. The
response of the groundwater level at the site is in phase with tidal
fluctuations. In other words, the highest measured groundwater Tevels
correspond to the time period of high tide and the lowest measured
groundwater levels correspond to the time period of low tide.
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TABLE 1
STATIC WATER LEVEL ELEVATIONS

(feet)

Monitoring 11/9/89  11/9/89 11/10/89 11/10/89 12/6/89
Well 11:30 am 6:00 pm 8:00 am 2:30 pm 12:00 pm

MW-2 8.86 8.83 8.84 8.98 9.60
-3 (1) 8.34 8.36 8.25 8.49 9.12
MW-6 8.72 8.84 8.76 8.85 9.49
MW-11 8.60 8.60 8.45 8.79 9.46
MW-101 -- - - .- 10.49
MW-102 - -- .- - 8.81
MW-103 -- .- .- -- 8.45
Mu-104(1) . .- - .- 10.95

Note: (1) Static water level corrected for floating product

CHARACTERIZATION OF FLOATING HYDROCARBONS

Free product was measured in monitoring wells MW-104 and MW-3. Hydro-
carbon thicknesses measured in these wells are listed in Table 2 with
the approximate tide at the time of the measurement. A thin layer of
hydrocarbons, 0.01 foot thick, was present in MW-104 while a signifi-
cantly thicker layer, up to 0.69 foot, was measured in MW-3.
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TABLE 2
FLOATING PRODUCT THICKNESS
Pacific Northern 0il, Terminal 91

Product Approximate
Monitoring Thickness Tide
Well Date Time (feet) (feet)
MW-3 10/30/89 1303 0.27 +8
MW-3 11/10/89 0806 0.69 +4
MW-3 11/09/89 1053 0.62 +9
MW-3 11/10/89 1255 0.49 +10
MW-3 11/09/89 1750 0.60 +5
MW-3 11/09/89 1333 0.50 +11
MW-104 12/06/89 1200 0.01 +12
MW-3 12/06/89 1210 0.24 +12

Tidal Influence

Product thickness in monitoring well MW-3 ranged from a maximum thick-
ness of 0.69 foot at a +4-foot tide on November 10, 1989 to a minimum
thickness of 0.24 foot at a +12-foot tide on December 6, 1989. Compari-
son of product thickness measurements made during November 9 and 10,
1989 suggests that an increase in product thickness accompanies a de-
clining tide. For example, on November 10, 1989, the groundwater level
in MW-3 rose 0.33 foot in response to a 6-foot tidal increase between
8:06 and 12:55 (Figure 5, Table 2). The thickness of petroleum hydro-
carbons in this well declined by 0.20 foot during this time. Apparent-
ly, the rise of the water table lifts the free product, causing it to
thin and spread over a larger area.

Lateral Extent

The two lenses of free product identified at Terminal 91 do not appear
to be connected. The two wells with measurable floating product, MW-3
and MW-104, are separated by wells MW-2 and MW-6, which have not had a
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measurable product thickness. Figure 8 shows the estimated extent of
floating hydrocarbons in the vicinity of MW-3. The extent of floating
product in the vicinity of MW-3 is constrained by the retaining wall and
wells MW-1, MW-11, MW-6, and MW-2. The pipeline was excavated down to
groundwater west of MW-6. A thin Tlayer, approximately 0.01 foot, was
measured in this excavation, indicating that the free product in this
area extends as far west as the pipeline, but not as far west as MW-11

5 Ll

(Figure 8).

Additional wells are necessary to define the extent of the product lens
at well MW-104. The discontinuous lenses of product may result from
stratigraphic control on product migration, where the product migrates
more readily through the sandy gravel unit where it occurs in well MW-3
(Figures 3 and 4). Alternatively, an unidentified retaining wall or
other physical discontinuity may be present between MW-2 and MW-104 in
the vicinity of the guard shack. A search of the Port of Seattle as-
built diagrams stored on microfiche could be performed to explore this
possibility. The possibility also exists that the two free product
lenses result from two separate sources.

Product Recovery Test

On October 30, 1989, a product recovery test was performed on well MW-3.
The purpose of the test was to estimate the rate of product inflow into
the well to determine the feasibility of product extraction and to de-
termine the true product thickness on the aquifer. Methodology and
results of the bail test are presented in Appendix D. Results of the
bail test indicate that the product will recover to approximately 75
percent of its initial thickness in one-half hour after bailing. Based
on this recovery rate and a measured product thickness of a little over
three inches, approximately 2 gallons of product/day could be obtained
from this well.

The product thickness measured in wells is an apparent product thick-
ness, which has been commonly accepted to be greater than the actual
formation thickness. The apparent product thickness phenomenon is
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attributed to the specific gravity of product and to capillary effects.
Product accumulates on the capillary fringe, which is nearly saturated
with water. The product will drain off the capillary fringe into the
well casing, increasing product thickness and depressing the water Tlevel
in the well. Appendix D presents the analysis of the bail test to
determine the true product thickness. Analysis of the product bail test
results indicate the true product thickness is less than a half-inch.

Volume Estimate

Estimates of the volume of floating hydrocarbons in the vicinity of well
MW-3 were made based on product thicknesses estimated for high and Tlow
tide. In addition to hydrocarbon thickness, the variables in these
analyses include porosity and areal extent of floating hydrocarbons.

The porosity of sand and gravel deposits typically range from 15 to 30
percent, with 20 percent as a typical value (Driscoll, 1986). The
estimated areal extent of hydrocarbons as shown in Figure 8 is 7700
square feet. The areal extent of floating hydrocarbons is constrained
by the absence of free product in monitoring wells MW-102 to the south,
MW-11 to the west, MW-6 to the northeast and MW-2 to the north. In
addition, a thin layer of hydrocarbons, 0.01 foot, was measured in an
excavation around the pipeline between monitoring wells MW-3 and MW-11,
indicating that some free product extends toward MW-11. The retaining
wall, which the soils contaminant data indicates is a barrier to product
migration, was used to constrain the extent of free product to the east.
This area is approximately 11,450 square feet in extent.

Using a porosity of 20 percent and a true product thickness of 0.02
foot, as discussed in Appendix D, yields a free product thickness of
approximately 340 gallons. Table 2 indicates that the free product
thickness could be as much as three to four times greater during a Tow
tide. Assuming a true product thickness four times greater at low tide
and using the same areal extent and porosity, yields an estimated 1,370
gallons of free product in the vicinity of MW-3. These estimates are
contingent on the estimate of the free product thickness obtained from
the bail recovery test as well as other assumptions presented.
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ANALYTICAL RESULTS
Soil Analyses

Soil samples were obtained at 2.5-foot sample intervals from borings
MW-101 through MW-104. Three samples from each boring were selected for
laboratory analyses of total petroleum hydrocarbons (TPH) using EPA
method 418.1 based on field screening and depth to water table. Field
screening and analytical results are presented in Table 3 with results
of the GC/FID screen performed in the initial investigation by Hart
Crowser. Laboratory reported analytical results and chain-of-custody
records are presented in Appendix C.

TABLE 3
TOTAL PETROLEUM HYDROCARBON CONCENTRATIONS IN SOILS(I)
Pacific Northern 0il, Terminal 91

Petroleum

Sample Hydrocarbon

Boring Depth Concentrations

Number (feet) HNU (ppm) mg/kg (ppm) Method Comments

B-1 7.5 75 18000 GC/FID screen diesel
10 75 14000 GC/FID screen diesel
12.5 100 4300 GC/FID screen diesel
15 90 4200 GC/FID screen diesel
17.5 40 313 GC/FID screen diesel
20 9 <25 GC/FID screen

MW-2 25 <1 NA
5 <1 NA
7.5 68 21000 GC/FID screen diesel
10 76 17000 GC/FID screen diesel
1Z.5 86 1900 GC/FID screen diesel
15 28 300 GC/FID screen diesel
17.5 24 140 GC/FID screen bunker

MW-3 2.5 <1 230 GC/FID screen diesel
745 62 8000 GC/FID screen diesel
10 91 15000 GC/FID screen diesel
12.5 50 390 GC/FID screen diesel
15 70 490 GC/FID screen diesel
17.5 60 510 GC/FID screen diesel
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Table 3 (continued)

Petroleum
Sample Hydrocarbon
Boring Depth Concentrations
Number (feet) HNU (ppm) mg/kg (ppm)
B-4 2.5 <1 370
5 5 NA
7.5 <1 NA
10 <1 <25
12.5 <1 NA
15 <1 <25
17.5 <1 NA
B-5 5 <25
7.5 15000
10 7300
12.5 1100
15 340
175 480
MW-6 2.5 1 NA
5 <1 <25
10 66 13000
12.5 10 NA
15 24 500
18.5 32 400
B-7 2.5 <1 NA
5 <1 <25
7.5 52 3300
10 56 7900
12.5 26 160
15.5 9 NA
17.5 S <25
B-8 2.5 4 NA
7.5 50-120? 5500
10 62 12000
12.5 25 290
15 24 NA
17.5 18 99
B-9 2.5 <1 NA
5 <l NA
7.5 <1 330
12.5 20 220
15 24 250
17.5 32 570
Converse GES

Method

GC/FID

GC/FID
GC/FID

GC/FID
GC/FID
GC/FID
GC/FID
GC/FID
GC/FID

GC/FID
GC/FID

GC/FID
GC/FID

GC/FID
GC/FID
GC/FID
GC/FID

GC/FID
GC/FID
GC/FID
GC/FID

GC/FID

GC/FID

GC/FID
GC/FID
GC/FID

screen

screen

screen

screen
screen
screen
screen
screen
screen

screen
screen

screen
screen

screen
screen
screen
screen

screen

screen
screen
screen

screen

screen
screen
screen
screen

Comments

diesel

diesel
diesel
diesel
diesel
diesel

diesel

diesel
diesel

diesel
diesel
diesel

diesel
diesel
diesel

diesel

bunker
diesel
diesel
diesel
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Table 3 (continued)

Petroleum
Sample Hydrocarbon
Boring Depth Concentrations
Number (feet) HNU (ppm) mg/kg (ppm) Method Comments
B-10 2.5 <1 <25 GC/FID screen
5 3 <25 GC/FID screen
7.5 1 NA
10 40 4900 GC/FID screen diesel
12.5 12 NA
15 11 NA
17.5 5 <25 GC/FID screen
MW-11 2.5 <1 <25 GC/FID screen
5 <1 NA
7.5 2 79 GC/FID screen unknown
10 26 NA
12.5 24 1000 GC/FID screen diesel
15 14 NA
17.5 7 <25 GC/FID screen
MW-101 7.5 10 4600 418.1 diesel
10 . 310 418.1 diesel
12.5 5 <20 418.1 diesel
MW-102 7.5 6 39000 418.1 diesel
10 60 17000 418.1 diesel
12.5 3 220 418.1 diesel
MW-103 1.9 1 4700 418.1 diesel
10 3 7800 418.1 diesel
12.5 3 47 418.1 diesel
MW-104 7.5 10 9000 418.1 diesel
10 20 15000 418.1 diesel
12.5 2 200 418.1 diesel

Note: (1) Analytical data for borings B-1 through B-11 including MW-Z,
MW-3, MW-6 and MW-11 from Hart Crowser, September 11, 1989
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The majority of soil contamination occurs at the water table and the
sample interval immediately above the water table. In general, petro-
leum hydrocarbon concentrations decline abruptly, immediately below the
water table. A cleanup Tlevel of 200 parts per million (ppm) for total
petroleum hydrocarbons in soil was established by the Washington State
Department of Ecology (Ecology) for spills from petroleum storage tanks.
With the exception of boring B-4, all soil samples taken at the water
table (approximately 10 feet below ground surface, Table 3) exceed the
200 ppm cleanup level. Boring B-4 is located in the short fill area and
is partitioned from the contaminated soil area by a retaining wall. The
absence of TPH contamination at the water table on the east side of the
retaining wall indicates the retaining wall probably acts as a barrier
to petroleum migration. However, the product entering the lagoon ap-
pears to be seeping through or under the retaining wall.

Figures 9 and 10 are logarithmic contour plots of petroleum hydrocarbon
concentrations above the water table (approximate elevation 10 feet MSL)
and at the water table (approximate elevation 7.5 feet MSL). The dia-
grams were constructed based on GC/FID data from Hart Crowser and infra-
red spectroscopy (EPA method 418.1) data obtained in this investigation.
Although comparison of these two data sets is somewhat tenuous, the
figures indicate several trends in petroleum hydrocarbon concentration.
The highest levels of petroleum hydrocarbon contamination occur along
the east retaining wall where a maximum concentration of 39,000 mg/kg
(ppm) was detected (Figures 9 and 10). Above the water table (Figure
9), petroleum hydrocarbon concentrations increase toward the northern
portion of the east retaining wall. Furthermore, the TPH concentrations
are generally greatest at the water table (Figure 10). The northeast
increasing chemical gradient present immediately above the water table
(Figure 9) becomes obscured at the elevation of the water table (Figure
10). These data indicate a source toward the northeast; however, the
elevated TPH levels in MW-101 accompanied by the southeast groundwater
flow direction suggests the possibility that more than one source may be
contributing to the contamination.

Converse GES
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Groundwater Analysis

Groundwater samples were collected on October 30, 1989 from wells MW-2,
MW-3, MW-6, and MW-11 during the preliminary hydrogeologic assessment.
A complete round of samples was collected from the four existing wells
and the four new wells on December 6 and 7, 1989. Results of these sam-
pling efforts are presented in Table 4. Laboratory reported analytical
results and chain-of-custody forms are presented in Appendix C.

A cleanup goal of 15 ppm for total petroleum hydrocarbons in groundwater
has been implemented by the Washington State Department of Ecology for
spills from petroleum tanks. Monitoring well MW-3, which had a measur-
able floating product thickness of 0.27 foot, was the only well to
exceed the Department of Ecology cleanup level during the October 30,
1989 sample event, with a TPH concentration of 730 mg/1 (ppm). Monitor-
ing well MW-2 had a TPH level of 15 ppm.

Monitoring wells MW-3 and MW-101 were the only wells to exceed Ecology’s
cleanup level in the December 6 and 7, 1989 sample event, with TPH con-
centrations of 54 and 28 mg/1 (ppm), respectively (Table 4 and Figure
8). The TPH concentration in monitoring well MW-104, which had a 0.0l
foot product layer prior to development, was 6.2 mg/1 (ppm). Moreover,
samples obtained on December 6 and 7, 1989 following well development,
had significantly lower TPH values than samples obtained on October 30,
1989 prior to development. Additional monitoring is recommended to more
fully characterize the TPH concentration in groundwater.

Converse GES
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TABLE 4
TOTAL PETROLEUM HYDROCARBON CONCENTRATIONS IN GROUNDWATER
Pacific Northern 0il, Terminal 91

Total Petroleum Hydrocarbons

Monitoring Well Date in mg/1 (ppm)
MW-2 10/30/89 15
12/07/89 3.0
MW-3 10/30/89 730
12/07/89 52
MW-6 10/30/89 13
12/06/89 2.8
MW-11 10/30/89 7.4
12/07/89 <0.5
MW-101 12/07/89 28
MW-102 12/06/89 6.9
MW-103 12/06/89 6.9
MW-104 12/07/89 6.2

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

Converse GES

Subsurface conditions consist of approximately 5 feet of sandy fill
overlying relatively permeable native sands, gravelly sands, and
sandy gravels.

Water level measurements indicate a predominantly southeasterly
groundwater flow direction. A " maximum change of 25 degrees in the
groundwater flow direction occurred between high and Tow tides. The
maximum groundwater fluctuation observed during one tide cycle was
0.34 foot.
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Floating product was identified in monitoring wells MW-3 and MW-104.
Product thickness in MW-3 ranged from 0.24 to 0.69 foot. The change
in product thickness appears to be a function of tidal fluctuations
where the free product layer increases with a declining tide. The
areal extent of free product at MW-3 1is constrained by monitoring
wells MW-102 to the south, MW-11 to the west, MW-6 to the northwest
and MW-2 to the north. The eastern extent is constrained by the
east retaining wall. Using a porosity of 20 percent, a free product
areal extent of 11,450 square feet, and a true product thickness
range of 0.02 to 0.08 foot, an estimated 340 to 1,370 gallons of
free product are present on site.

With the exception of the boring east of the east retaining wall,
TPH contaminated soils were found throughout the area of investiga-
tion. Elevated levels of total petroleum hydrocarbons in soils
occur predominantly at the water table and slightly above. Boring
B-4, installed in an earlier investigation, had TPH concentrations
below the detection 1imit at the water table indicating the retain-
ing wall serves as a barrier to product migration, although product
entering the short fill Tagoon appears to be migrating through or
under this wall. The TPH concentrations in soils generally increase
from west to east with the highest concentrations along the north
end of the east retaining wall.

Monitoring wells exceeding the Department of Ecology cleanup guide-
lines of 15 ppm for groundwater include wells MW-3 and MW-101.
Monitoring well MW-2 had a TPH Tevel equal to the cleanup guideline
during the October 30, 1989 sample event. Monitoring well MW-104,
which had a 0.01 foot Tlayer of free product prior to well develop-
ment, had a TPH concentration of 6.2 mg/1 (ppm). TPH concentrations
were significantly lower in samples obtained after well development.

The product recovery test indicates a relatively slow rate of pro-
duct recovery in MW-3. Using the existing 2-inch diameter monitor-
ing well for product extraction, approximately 2 gallons/day of
product could be obtained. This yield could be increased by a
larger diameter well or sump.
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Recommendations

1. Additional excavation along the pipeline could be used to Tlocate
unknown branches of the pipeline, which may be a potential source.
If additional excavation is not planned, ground penetrating radar
could be used to located any unknown underground pipes.

2. A large-diameter recovery well or sump in conjunction with a product
recovery system is recommended in the vicinity of MW-3 for extrac-
tion of floating hydrocarbons in this area. This system would be
used for interim product removal and could be expanded at a later
date pending further definition of the contamination extent.

3. Once the product recovery system is in place, a pump test is recom-
mended to determine the continuity of the aquifer and the connection |
between monitoring wells and product Tenses.

4. Obtain chemical and groundwater level data from the Port of Seattle
for their investigation of a leaking underground storage tank To-

cated at the north end of the cold storage warehouse.

5. Resample the eight existing monitoring wells to more adequately
characterize the TPH levels in groundwater.

6. Based on the results of recommendations 3, 4 and 5 above, site
additional monitoring wells, if appropriate.

Converse GES
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APPENDIX A

DRILLING AND MONITORING WELL INSTALLATIONS

Drilling and Soil Sampling

Four borings were drilled and completed as groundwater monitoring wells

at the Pacific Northern 0i1 Terminal 91 site using a truck mounted

hollow-stem auger drill rig on November 29 and 30, 1989. Ten-inch

outside diameter hollow-stem augers were utilized for drilling. Borings

were advanced to a nominal depth of 17 feet. The monitoring well

borings were logged by a geologist from Converse and soils were visually

classified according to the ASTM D-2488-84 method. The boring logs for

the newly installed groundwater monitoring wells are presented in Fig-

ures A-1 through A-4 and the boring logs from the previous investigation

by Hart Crowser are included following Figure A-4. '
\

Port of Seattle engineering drawings were carefully reviewed prior to
drilling to determine the location of buried utility lines. In addi-
tion, the underground extension of utilities identified in the field
were traced using a Goldak pipe-cable Tocator.

Soil samples were obtained at 2.5-foot intervals using a 2-inch outside
diameter split-spoon sampler during hollow-stem auger drilling. The
sampler was driven 18 inches with a 140-pound hammer falling 30 inches.
The number of blows required to advance the sampler 6 inches is recorded
on the boring logs. The soil from the split spoon was removed with a
stainless steel spatula and placed in an 8-ounce glass jar, capped, and
labeled. The samples were then placed in an ice chest cooled with blue
ice and hand carried under chain-of-custody control to Laucks Testing
Laboratories in Seattle. A portion of each sample was placed in a
ziplock bag and field screened for organic vapors using an HNU systems
photoionization trace gas detector. The HNU has a detection limit of
0.1 ppm total organic vapors with a range from 0.1 to 2000 ppm.  Se-
lected soil samples based on HNU screening and proximity to the water

Converse GES
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table were sent to Laucks Testing Laboratories for chemical analysis of
total petroleum hydrocarbons using EPA method 418.1. The samples ana-
lyzed in the laboratory are denoted on the boring logs by the symbol
IIC" .

A1l downhole drilling equipment was steam-cleaned prior to initiation of
drilling each hole to minimize the potential for cross contamination.
Split spoon samplers were decontaminated between each sample interval
utilizing a Liquinox wash, a potable water rinse, methanol rinse and
finally a distilled water rinse.

Monitoring Well Installation

The location of the monitoring wells are shown on Figure 2. The wells
1abeled MW-101, MW-102, MW-103 and MW-104 were installed as part of the
Phase I Remedial Investigation. A1l boring Tlocations were selected
based on the results of the site hydrogeology and existing contaminant
data derived during the preliminary hydrogeologic assessment (Converse
GES, November 22, 1989)

Monitoring wells consisted of 4-inch diameter flush-threaded, schedule
40 PVC with threaded joints and 10 feet of machine slotted PVC screen
with 0.01-inch slot size. The annular space between the screen and wall
of the boring was backfilled with sieve size #16 x #30 Colorado silica
sand to act as a filter pack. The sand pack extends from the bottom of
the hole to a distance of 2 feet above the screened interval. The
annular space immediately above the filter pack was sealed with 2 feet
of bentonite chips to prevent migration of contaminants down the annular
space of the boring. The remaining annular space above the concrete
grout was backfilled with cement grout. The well heads were protected
with a flush-mount monument at the ground surface.

Converse GES




.Monitoring Well Geologic &gnstruction Log

m Converse GES Project Number Well Number
&7 89-45527 MW-101 Shet 1 of 1
Project Phase | Remedial [nvestigation Location Pier 91 Seattle, Washington
Elevation (Approx. Top of Well Casing) 17.55 Surface Elevation (Approx.)
Water Level Elev. (Approx.) : Start Date November 29, 1989
Drilling Contractor GeoBoring Develop. Finish Date November 29, 1989
Drilling Method HSA
Depth Lab EBlowu/\ Hnu
feet Well Construction Tests T| 6" Test Description
"= locking, water tight, flush 14 Asphalt 2-inches
metal monument  § SAND WITH GRAVEL (Fill); brown, medium; medium dense, dry
4
i concrete grout annular seal 0 ppm
g SAND (Fill); brown, little gray pea gravel; dense, dry
~ 2
T 3 0 ppm
L . 14
blank well casing 4" ID 24
PVC schedule 40
- 4 - et
bentonite seal GRAVEL (Fill); medium to coarse; very dense, moist
- encountered hard flat surface, drilled to refusal
i a - boring moved 4 feet south and restarted
19 (17 ppm| SAND; gray, coarse; medium dense, moist
18
10
—- 6
I 12/6/89
¢ (| 7 |10 ppm| SANDY GRAVEL; gray, coarse sand matrix, trace shell fragments;
- 8 8 medium dense, wet (strong petroleum odor)
10
ATD
i well screen, 4"ID PVC B
schedule 40, .010 slot width
=10 ¢ [l 1 |4 ppm [ SAND; gray; coarse; loose, wet (strong petroleum odor and sheen)
1
2
12 filter pack 16/30 Colorado
silica sand c PR Y-
S 5 SANDY GRAVEL; gray, coarse sand matrix, trace shell fragments;
T medium dense, wet (strong petroleum odor and sheen)
14 :
i 5 3 ppm
9
12
16
Total depth of boring at 16.3 feet.
18
ST - Sampler Type: Lab Tests: Logged by: JIS
4" 1.D. Split Spoon S - Soil Properties Approved by: EWM
Bulk Grab Sample C - Chemical Properties
n. o PR ‘Z Watar T aval Fioura Nna Al
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Monitoring Well Geologic &!onstruction Log
—Wel N

roject Number

89-45527

ell Number

MW-102 Sheet 1 of 1

Project

Elevation (Approx. Top of Well Casing)
Water Level Elev. (Approx.)
Drilling Contractor

Phase [ Remedial Investigation

Location Pier 91 Seattle, Washington

17.5

Surface Elevation (Approx.)
Start Date November 30, 1989

GeoBoring Develop.

Finish Date November 30, 1989

Drilling Method HSA
Lab [SBlows/| Hnu
Well Construction Tests I| 6" Test Description
locking , water tight, flush 24 Asphalt 2-inches
metal monument 38 SAND (Fill); gray brown, little pea-gravel; very dense, moist
62
concrete grout annular seal
u -no sample recovery driving on pea-gravel
blank well casing 4"ID PVC 4
schedule 40 6
3
e
bentonite seal 7 0 ppm | SAND; gray, little gravel, with stringers of fine sandy silt; medium
15 dense, very moist
11
| | SANDY GRAVEL; gray, fine to medium sand matrix; loose, wet
. C 5 6 ppm
4
ATD 2
12/6/89 18
well screen 4" ID PVC
schedule 40,.010 slot width c Ml 2 leo ppm| SAND; dark gray, coarse, trace shell fragments; loose, wet
3 ( strong petroleum odor)
2
| ] SAND; dark gray, medium sand, grading into coarse gray sand, trace
C 3 |3 ppm | shell fragments; medium dense, wet
5 (strong petroleum odor)
]
filter pack 16/30 Colorado i
silica sand
Tl 4 |1ppm| - sand grades with 1/8-inch stringers of gray clay, thinly bedded
(-] with gray sand, trace shell fragments; medium dense, wet
7
i
Total depth of boring 17 feet.
—18
ST - Sampler Type: Lab Tests: Logged by: JIS
4" 1.D. Split Spoon S - Soil Properties Approved by: EWM
Bulk Grab Sample C - Chemical Properties
Nriva Ram=al g Water Level Fioure Nn L.=7
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‘Monitoring Well Geologic & Construction Log

Converse GES Project Number
89-45527

Weil Number
MW-103 Sheet 1 of 1

Project Phase | Remedial Investigation

Location Pier 91 Seattle, Washington

Bulk Grab Sample

C - Chemical Properties

l Elevation (Approx. Top of Well Casing) 17.43 Surface Elevation (Approx.)
Water Level Elev. (Approx.) Start Date November 29, 1989
Drilling Contractor GeoBoring Develop. Finish Date November 29, 1989
. Drilling Method HSA
Depth Lab S[Blows/| Hnu .
feet Well Construction Tests I| 6" Test Description
= locking, water tight, flush 17 Asphalt 2-inches
' metal monument 23 SAND (Fill); brown, medium, trace pea-gravel; very dense, dry
i concrete annular seal SAND [Fil); brown, Iine thinly bedded with gray coarse sand;
medium dense, moist
l -2
T 7 0 ppm
I blank well casing 4* ID .
PVC schedule 40
- & . bentonite seal i
l i T s 0 ppm [ SAND; gray to iron stained; fine to medium; medium dense, moist
St 5
X 10
l — 6 1
I 3 = well screen, 4"ID PVC
Sy — . 1 i
. i E schedule 40,.010 slot width (o} 8 1 ppm | SAND; gray, coarse, trace gravel; medium dense, moist (petroleum
L. g L= 14 odor)
Z. ' == A 13
L h AN i
=[5 12/6/89
g=
10 \VAS — | | SANDY GRAVEL; gray, coarse sand matrix; wet (petroleum odor)
= F:H.-|{ ATD (o] 7 |3ppm
b Er. 9
=3 1
. A= |
~12 = SAND; gray, coarse, thinly bedded with silty sand, trace shell
R § fragments; loose, wet
o= c g
L ) e 2
= 3
2=
- 14 NN
: .| filter pack 18/30 Colorado
' .- :| silica sand
K = | -grades with less shell fragments (petroleum sheen)
= 2 |1ppm
=~ 6
= 10
~16 =
o E :' 1
. Total depth 17 feet.
—~ 18
' ST - Sampler Type: Lab Tests: Logged by: JIS
4" 1.D. Split Spoon S - Soil Properties Approved by: EWM
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l .Vlonitoring Well Geologic &tstruction Log
Converse GES Project Number Well Number
89-45527 MW-104 Sheet 1 of 1
Project Phase [ Remedial Investigation Location Pier 91 Seattle, Washington
Elevation (Approx. Top of Well Casing) 17.46 Surface Elevation (Approx.)
Water Level Elev. (Approx.) i Start Date November 30 9
Drilling Contractor GeoBoring Develop. Finish Date November 30, 1989
. Drilling Method HSA
Depth Lab SBlows/| Hnu
feet Well Construction Tests I| 6" Test Description
e locking, water tight, flush 13 Asphalt 2-inches
metal monument 11 SAND (Fill); brown, medium sand, little gravel; medium dense, dry
concrete grout annular seal 13
B 0 ppm
B -
| | SAND; tan, coarse, trace shell fragments; medium dense, dry
3 0 ppm
' i bentonite seal :
b | E i
l i f:ﬂ blank well casing 4" ID T 2 0 ppm | grades to thinly bedded with gray coarse sand, trace shell fragments;
o PVC schedule 40 3 loose, very moist
3
| —~ 6
Y| i1
= | 12/6/89
] SANDY GRAVEL; gray, coarse sand matrix; medium dense, wet
A (o} 6 |10 ppm
~ 8 i s 9
WA Y 12
= ATD
i ' well screen, 4" ID PVC i
schedule 40, .010 slot width
I T c [l 5 |20 ppm| - grades with strong petroleum odor
9
3
' ~12 filter pack 16/30 Colorado -grades with slight petroleum odor
silica sand c 4 3 v
L 9
8
' =14
" 2 2 ppm | SANDY GRAVEL; dark gray, thinly bedded with coarse sand;
3 medium dense, wet (petroleum sheen on soils)
L. :
- 18 Total depth 17.4 feet.
. ST - Sampler Type: Lab Tests: Logged by: JIS
4" 1.D. Split Spoon S - Soil Properties Approved by: EWM
l Bulk Grab Sample C - Chemical Properties
N feee Daemal :7 Wabaw T acral Tiawnras Na A




Boring Log 89 |

Geologic Log

©
)
E Approx. Ground Surface (Diesel

Elevation in Feet Sample N H=Ny in ppm)

ODepth

Loose, moist, brown, gravelly, medium
to coarse SAND with sustantial cobbles. —

Loose, moist, brown, gravelly, medium
coarse SAND with wood chips.

Loose, wet, gray stained, gravelly,
- medium to coarse SAND with strong

petroleum—like odor. S-1 3 75 (18,000)

l<]8/11/89
1

Wood. (Hard driving).

10 Very dense, wet, gray stained, slightly

silty, gravelly SAND with substantial s-2

organics and strong petroleum-—like
. odor.
| —Mostly wood chips. |

Dense, wet, gray stained, very gravelly, -3
- silty SAND with moderate organics (wood).
and strong petroleum—iike odor.

65 75 (14,000)

B

100 (4,300

1
S Medium dense, wet, gray stained, silty

- SAND with strong petroleum—like odor. S—-4 20 90 (4.200)

S-5 17 40 (313)

20

)

Dense, wet, gray stained, siity, sandy S-6

GRAVEL with slight petroleum—iike odor. S0/4 9 (<29)

<] >X] T XTI I>X<T <]
B

- Bototm of Boring at 21.5 Feet. - -
Completed 7/18/89.

1. Refer to Figure 2 for explanation of descriptions Cd |
and symbais. In's] |
2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual. H RT@@

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time. J=-2500 7/89

Figure 3

l 25— _ _




Boring Log and Construction Data for
Monitoring Well B-2

!..~

Monitoring
Geologic Log Well Design

Casing Stickup in Feet

|
. <3 Top of PVC in Feet 0.00
t %: Approx. Gfound Surface (Diesel |
' CO:._ Elevation in Feet Sample N H=Nu in ppm) |
3 Medium dense, dry, gray—brown, very ]
3 - gravelly SAND. - \\ \\ - |
\ |
! T NN 1
1 7 S-1 X 23 <1 (NA) % § ) |
| S C NN 1
B Medium dense, moist, gray—brown, ' ;
l - gravelly SAND. A=t B o WA L - |
L i |
| ] &= : 1
S-3 13 68 (21,000) O
~ Loose, wet, brown with gray staining, - ) -
slightly silty, graveily SAND with { :
I‘ 10— strong petroleum—like odor. i X s 76 (17.000) [~ = _Vam]
| - = ’
- Dense, wet, gray stained, silty, very E an |
I gravelly SAND with strong petroleum-—iike 5-3 17 86 (1.900) v — |
I . odor and sheen. B B — n
i - - =] 4
- S-6 X 16 28 (300) | e = 0 |
' = r
' -~ Medium dense, wet, gray stained, silty, -~ )
| gravelly SAND with strong petroleum—iike 5-7 15 24 (140)
. T odor and a few wood chips. i - 4
' 20 Bottom of Boring at 19.0 Feet. - -
. Completed 7/18/89.
I} - s et
25— _ _

1. Refer to Figure 2 for explanation of descriptions Cd

and symbols. Eg
2. Soil descriptions and stratum lines are interpretive

and actual changes may be graduai. HART@R@
- o

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time. J-2500 7/89

Figure 4
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ODepth

Boring Log and Construction Data for

Monitoring Well B-3
Geologic Log

Approx. Ground Surface
Elevation in Feet

3 inches of ASPHALT over medium dense,

dry, brown, very gravelly SAND.

Medium dense, moist, gray stained,
very gravelly SAND with strong
petroleum—like odor.

Very loose, wet, gray stained,
slightly silty SAND with moderate odor,
sheen, and shells.

Medium dense, wet. gray stained,
slightly silty SAND grading into very

2t

1

silty, medium to coarse SAND with
moderate petroleum—like odor, sheen,
and shell fragments.

-

Bottom of Boring at 19.0 Feet.
Completed 7/19/89.

and symbols.

Sample

<] <] XTI BT BX<T I X1

Refer to Figure 2 for explanation of descriptions

2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time.

® Depth to free product at 9.4 feet.

23

n

33

Monitoring

Well Design

Casing Stickup in Feet
Top of PVC in Feet 0.00

(Diesel
H=Nu in ppm)

<1 (230) [ 7]
69  (8000) 7]
g1 (15,000) | _
so  (390) 7]
70 (490) L |
60  (510) 7
Cd
(]
[RARTCROVEER
J-2500 7/89
Figure 5




Boring Log B-’ |

Geologic Log

Approx. Ground Surface

©
&
€ Elevation in Feet Sample N Mk

ODepth

Very dense, damp, brown, sligntly
- clayey and silty, graveilly SAND with -
some rocks and clay lenses.

.

37/6 <1

Medium dense, dry, brown, slightly

- silty, gravelly SAND with broken rocks. 28 S = —

— Medium dense, moist, brown, very

gravelly, medium coarse SAND. 17 <1

i

1 < 7
ATD
13 <1 B T
1= Very d b lightl N ]
er ense, wet, ra rown, sl
Y S s o s-6 [X]| s0 < B }

-1 siity SAND grading into sandy gravel.

48 <1

L1
ST ST ST ST ST ST 5
o

|
7

Bottom of Boring at 19.0 Feet.
20— Completed 7/19/89. B ]

25— - —

1. Refer to Figure 2 for explanation of descriptions Fal

and symbols. @
2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual. m@m

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time. J=2500 7/889

Figure 6
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a \
: & *
[ : |
' | Boring Log BQ ‘
B \
X Geologic Log
| I
g Q™ Approx. Ground Surface
1 8 € Elevation in Feet i
0 ae Sample N (Q':esel )
1 I m) — —
l 9 inches of CONCRETE over loose, moist. ep NN
. ~ brown, gravelly, medium to coarse SAND - \\\ -
=< with substantial cobbles.
: \
i - ___ ) ’
Brown, slightly silty, very graveily
. | - SAND. S—-1 X 53 (2% L \ .
) <! Very dense, moist, gray stained, L \ -
sligthly silty, graveily SAND with 5-2 X 58 (15,000) \
l = strong petroleum—like odor. = —
1 10 — — —
' _ S-3 65 (7300) L |
1 i B 7]
' b S-4 X 18 (11,000) [ 7
1
15 s =
' Loose, wet, gray stained slightly
- silty SAND with moderate petroleum—iike | 52 8 (340) L -
. odor and sheen.
' 7 S-6 X 9 (480) \\ 7
\ I NN :
Bottom of Boring at 19.0 Feet.
I 20 — Completed 7/21/89. L ]
s - — —
. 25— - =
l 1. Refer to Figure 2 for explanation of descriptions I
. and symbals. @
2. Soil descriptions and stratum lines are interpretive
and actual changes may be gradual. 1/ RT m@

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time. J-2500 7/89

Figure 7




Boring Log an’ Construction DataQOr
Monitoring Well B-6

Monitoring
Geologic Log Well Design

Casing Stickup in Feet .
Top of PVC in Feet 0.00

L - - R S

<3
Q-h
o Approg. Cfound Surface (Diesel
Q.S Elevation in Feet Sample N H=Nu in ppm)
0 T — —
Medium dense, damp, brown, fine to
. - medium SAND with occasional gravel. - \\ \ o
i j §=1 15 1 (NA) ] § § !
| 3 0 d b ! B 4 1 L
ense, dry, gray—brown, very grave s
i 1 an TR B B s-2 [X|37 «  («5) L i
i g « [X] 48 B =g T
" — Medium dense, wet, gray stained _ E ‘ﬂATD—
I B silty silty, gravelly, medium to coarse 14 66 (13.000) L — -
SAND with strong petroleum—iike odor.

10 10 (NA)

N
1
(%]
|
»

3 24 (500) L

(LTETTETEEIEIELEEY

— Loose, wet, gray stained SAND grading
to gravelly SAND with moderate
20 -1 petroleum—like odor. [~

10 34 (400)

< X BX<I XTI XTI X1 X<

- Bottom of Boring at 20.0 Feet.
Completed 7/19/89.

25~

1. Refer to Figure 2 for explangtion of descriptions g

and symboals. ( 1/ ]
2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual. AR{TC ; m

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time. J=-2500 7/89

Figure 8
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ODepth

Boring Log B-’

Geologic Log

Approx. Ground Surface
Elevation in Feet

Damp, gray—brown, gravelly SAND grading
into slightly silty, clayey SAND.

Medium dense, damp, gray—brow SAND.

Medium dense, damp, gray stained SAND
with moderate petroleum=—like odor.

Loose, wet, slightly silty, gray staned
SAND with strong petroleum odor and
sheen with occasional shell fragments.

15

Medium dense, wet, gray stained,
slightly siity SAND with slight
petroleum—like odor.

wet, gray, dark brown, slightly siity
SAND grading to sandy GRAVEL.

<] <] <] <] <] [X<] [X<]

Bottom of Boring at 19.0 Feet.
Completed 7/20/89.

. Refer to Figure 2 for explanation on descriptions
and symbols.

2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling

(ATD) or for date specified. Level may vaory with time.

31

17

22

19

Sample N H=Nu

<1

<1

52

56

26

(Diesel

in ppm)

(NA)

(<25)

(3.300) [~

(7.900)

(180)

(NA)

(<25)

A\

A\

DO

g
aJ

ATD

[ARTCROUEER
J-2500
Figure 9
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Boring Log B-’ |

Geologic Log
£3
%“ Approx. Ground Surface
Q.S Elevation in Feet Sample
0 e
Medium dense, moist, brown, very
— gravelly SAND.
-
] S-1
5—
- Medium dense, moist, gray—brown,
slightly gravelly SAND with slight 5-2
1 petroleum—Iiike odor.
10

Medium dense, wet, gray stained,
-~ slightly silty, gravelly SAND with
moderate petroleum—like odor.

15

Medium dense, wet, gray stained,
- slightly silty, very gravelly SAND with
moderate petroleum—like odor and sheen.

<] <1 X<I IX<T <] < X<

Bottom of Boring at 19.0 Feet.
20— Completed 7/20/89.

1. Refer to Figure 2 for explanation of descriptions
and symbols.

2. Sail descriptions and stratum lines are interpretive
and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time.

N

28

22

27

H=Nu

<1

S0

62

25

24

18

i
i %

cd
J

[[ARTCROUWEER

J-2500
Figure 10

7/89
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Boring Log B-g

Geologic Log

Approx. Ground Surface
Elevation in Feet

Very dense, damp, gray—brown, slightly
silty, very gravelly SAND.

Very dense, damp, dark brown, slightly
silty, gravelly SAND grading to gray—

brown, slightly silty SAND. ]

Medium dense, wet, gray stained, slightly
silty SAND with shell fragments with
moderate petroleum—iike odor and sheen.

15

Loose, wet, gray stained. slightly
silty SAND with moderate petroleum—iike
odor and sheen.

23~

Bottom of Boring at 19.0 Feet.
Completed 7/20/89.

Sample N

1. Refer to Figure 2 for explangtion of descriptions

and symbals.

2. Soil descriptions and stratum lines are interpretive

3. Ground water level, if indicated, is at time of drilling

and actual changes may be gradual.

<] <] ] ] ] X[ [X<]

(ATD) or for date specified. Level may vary with time.

58

30

35

24

19

18

H=Nu

20

24

32

(Dieset
in ppml_

(NA)

(NA)

(330) [

(220) [

(250)

(s70) [

—

N

i

7
(RARTCROUEER
J-2500 7/89
Figure 11



Boring Log B-% '

Geologic Log
©
o
% Approx. Ground Surface
Q.S Elevation in Feet
0
Loose, damp, brown, very gravelily,
— medium coarse SAND with substantial
cobbles.
S .
Dense, damp, brown—gray, slightly
- silty, very gravelly SAND.
10

Medium dense, wet, gray stained, silty,
- very gravelly SAND with strong
petroleum—like odor.

19~
- Medium dense, wet, gray stained, silty
SAND with moderate petroleum—iike odor.
Bottom of Boring at 19.0 Feet.
20 — Completed 7/20/89.
25—

Sampie N

S-5

1. Refer to Figure 2 for explanation of descriptions

and symboaois.

2. Soil descriptions and stratum lines are interpretive

and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling

<] <] XTI BX<T BT <]

(ATD) or for date specified. Level may vary with time.

.

45

41

13

31

21

18

H=Nu

<1

3

1

40

12

n

5

(Diesel
in ppm) _
S
L \\\\ £
(<25) : x :
(<25) L a
L \ _
- \Z
(s900) | \ o
(NA) [ § -
«@s) [ \ 7
@R i
CnJ
[J
[VARTTROUEER
J-2500 7/89
Figure 12
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Boring Log and Construction Data for

Monitoring Well B-11

Geologic Log
<9
& Approx. Ground Surface
Q .E Elevation in Feet Sample
0 D~
Loose, damp, brown, very gravelly,
- medium to coarse SAND with substantial
cobbles.
- S-1 =X
3 .
Medium damp, brown, slighity silty SAND. 5-2 X
10 ;
Dense, wet, gray stained, very gravelly X
- SAND with strong petroleum=—like odor S-4
and sheen.
15
Dense, wet, gray stained, silty, .
- slightly gravelly SAND with slight 55
petroleum—iike odor.
Bottom of Boring at 19.0 Feet.
20 — Completed 7/18/89.
285 ==

1. Refer to Figure 2 for explangtion of descriptions
and symbaols.

2. Soil descriptions and stratum lines are interpretive
and actual changes may be gradual.

3. Ground water level, if indicated, is at time of drilling
(ATD) or for date specified. Level may vary with time.

N

13

32

37

21

21

Monitoring
Well Design

Casing Stickup in Feet
Top of PVC in Feet Q.00

H=Nu _
< R i
<1 L .
L : 4
2 B -
L N
«Q
.._ V]
26 - .
24 B 7]
14 L p
7 - -
Cd
s
LHIRITTAROVIEER
J-2500 7/89
Figure 13
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APPENDIX B

WELL DEVELOPMENT AND GROUNDWATER SAMPLING

Well Development

A1l wells were developed/purged utilizing Teflon bailers. Between 30 to
50 gaT]ons of water were removed from the 4-inch monitoring wells and 15
to 17.5 gallons were removed from the 2-inch monitoring wells. Purging
was determined complete once the in-situ field parameters of pH, conduc-
tivity and temperature stabilized. A1l purge water was containerized in
55-gallon drums. Figures B-1 through B-12 present the monitoring well
purge and sample data. '

Groundwater Sampling

On December 6 and 7, 1989, following well development, Converse person-
nel collected groundwater samples from the newly installed 4-inch moni-
toring wells (MW-101, MW-102, MW-103 and MW-104) and from the 2-inch
monitoring wells (MW-2, MW-3, MW-6, and MW-11) previously installed by
Hart Crowser. The measuring point elevation for each of the 4-inch
wells was surveyed on December 6, 1989 using a Port of Seattle benchmark
located at the base of an abutment for the Garfield Street Bridge, west
of the guard station. The 2-inch monitoring wells were surveyed on
November 6, 1989 during the preliminary hydrogeologic assessment. The
measuring points were marked in indelible ink on the north lip of the
monitoring well. Groundwater levels were measured to the nearest 0.01
foot with an interface probe prior to purging the monitoring wells.
Table B-1 is a list of the groundwater elevations for measurements taken

on December 6, 1989.

AN G R g GBI S TN A e W SRR B AR Y I S
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l SUMMARY SHEET FOR WATER SAMPLING -
; l PROJECTNAME:  { ridic [\)o(”,\(fv\ Ol soano: §4-Y 552 7-0l oare: b!go zgﬁ
I wewno. MW -1 wocamon: T v-\x.v\ek\ 1
| I WEATHER CONDITIONS: Clou e)\f AMBIENT TEMP: TESTER'S INmALS: ZD\{
‘ PURGING DEVICE SAMPUNG DEVICE
| ' TypeDevic?  Tafrlom  Det \et" Type Davica? Té‘CL\,\ ‘;g\\c"f
l How was the device dex inated? How was the device d inated?
| Alcomex Legh /ﬁb Vinse | wethousl / T Alcomst wach /mp s / de\o-n / DT
|
| ' How was the line decontaminated? How was the line decon(amina(ed?
|
' Which well was previously purged? UOO‘Q.. Which wdll was previously sampled? =" ¢+~ 7
' INITIAL WELL VOLUME PURGING
Well diameter (in.) 2_ Time started [ (,‘ 25 finished [ . 5 S
' Stickup (ft.) Volume purged 5 it 1
Depth to bottom of weil (ft.) ! 7 .0 Comments on Well Recovery
' Depth to water surface (It.) % . 32
Length of water (It.) Z. ﬂ g Additional Comments S \AQCV\ o UQTC( A :
Volume of water (“3) [#)— etz TV £ ¥‘Q) . 7
. (gal.) [ Zg ' | |
y Amount of sediment at : |
' bottom of weil (It.} Sampies Collected: san 12 G |
Finish
l 4 IN-SITU TESTING ;
4 1 2 3 14 S 6 7 1
i |
w‘ Wedl Volume Purged (gal) 0.7 ) = |
Turbidity , |
- : \
Odoc : |
I OVA (ppm) -
pi (units) y/ 1 g~7£ q'“]
' Conductivity (¢ mhos) 1Soo l"] 00 2000
‘ Water Temperature (°C) { 'Z, ‘-{ [7' 7 l 7‘ .L B
l TOS (mg/U)
NOTES: 1 [t. lengthof 4° = 0.087 (1> or 0.65 gal. 1 ft. length of 2° = 0.022 11 or 0.16 gal. p
I Turbldity choices: clear, turbid, opaque l




SUMMARY SHEET FOR WATER SAMPLING .

PROJECT NAME: ch(;{q NQ()(L«“ 0\\ JOB NO: ‘5‘}-‘[55’27-0[ DATE: (Q!Qofg"[
WELL NO. _(\j\.)-gé LOCATION: Te.(\p\ip\\l ql

weaTHER conomons:  C [ov c)\r AMBIENT TEMP: TESTER'S INMIALS: Eﬁ/ D \Z
! -

PURGING DEVICE SAMPLING DEVICE

Type Davics? ﬂ-ﬂ =\ £ c«\(cf TypeDovic? T "F{Q\/\ EQ \ (et

4

How was the devi How was the device dacoataminated?

(ucovxc‘( LJG-SL A"Q{D Y'\‘VJW({'LQ\-\Q {L/!Z,r A ICCV\O‘L C)‘{SL/‘T-‘?-P ftvgc /V‘ffl‘“ko[ /DI

How was the line decontaminated? How was the line dwont;mlmled?
Which well was previously purged? N\,J i Which well was previously sampled? = * - ,i{)‘)- [
INITIAL WELL VOLUME PURGING .
Well diameter (in.) 2 Timestated (21 DO finished )2’ 20
Stickup (ft.) Volume purged _7 9q ,.S‘ R
Depth to bottom of well (ft.) t 7‘ "{ Z Comments on Well Recovery U
Depth to water surface ([t.) ?‘ Z
Length of water ({t.) Additional Comments SLCC n' 9; W D[C' r.s
S —— 7 T |
Volume of water (RJ) ; e fOUC)\J : |
L, (S ———— - |
(gal) (3 1
Amount of sediment at
bottom of weil ([t.) Sampics Collected: Stant
Finish

IN-SITU TESTING

Well Volume Purged (gal)

—
N
(
-y

Turbidity

Odor - i
OVA (ppm) - .
pid (units) Z.76 9. 07 9.22 1.5 g

Conductivity (4 mhos) 300 850 9% 30

Water Temperature (°C) 171-C 7.5 7.7 76 ]
TDS (mg/U

NOTES: 1 (1. lengthof 4° - 0.087 1> or 0.65 gal. 111, length of 2° = 0.022 11 or 0.16 gal.

Turbldity choices: clear, turbid, opaque




PROJECT NAME: }%Cr.-fk.t f\j,d‘Lem 0"(

WELL NO. (\4 L) - 3 LOCATION:

SUMMARY SHEET FOR WATER SAMPLING s

’}'cm;mf i1

sosno: §9~YE52T- o} oatE: {o/goZ%‘7‘

weatHer conomons:  C[ev I\

PURGING DEVICE

Type Device? ’Gﬂw\ L-n lc(

How was the device decontaminated?

AleccmeX U"‘SL /("!_‘D Nnse. /M(fl\ouo’[ﬂ_

AMBIENT TEMP: TESTER'S IN(TIALS: 67‘4 Zp\{.

SAMPUNG DEVICE

T}g(‘c\f\ :LQ:KC‘F

Type Device?

How was the device decontaminated?

CS&Ne)

How was the line decoataminated?

How was the line decontaminated?

Well Volume Purged (gal)
Tucrbidity

Odoc

QVA (ppm)

pid (units)

Conductivily (u mhos)
Water Temperature (°C)

TOS (mg/U

Which well was previously purged? M w - 2_
INITIAL WELL VOLUME
Well diameter (in.} z
Stickup (ft.)
Depth to bottom of weil (ft.) IC.CE
Depth to water surface (ft.) ? >} 3
Length of water ([t.)
Volume of water ([13)

(gal.) ( . 2

Amount of sediment at

bottom of well (ft.)
IN-SITU TESTING

1 2

Which well was previously sampied? = - /'Lf W-2.

PURGING ]
Time stacted [-00  fmished (2 ?’9-56
Volume purged é ? Q [S .

Comments on Wil ROCM\Y\ /-U)lt T J)ed\(

Qn l_DrOc)\JC\' odf

Additional Comments Ue.cg( \‘5 the(( Ulfl

SUS?cN)ec) acl \T‘égq\cs.

Sampies Collected: Start

1155

Finish

NOTES: 1 (1. length ol 47

Turbidity choices:

= 0.087 11> or 0.65 gal.

clear, turbid, opaque

1 11, tenqth of 2° = 0.022 11 or 0.16 gal.




L

SUMMARY SHEET FOR WATER SAMPLING

PROJECTNAME: Vacirrc Aloz-4z: ST

WELLNO. MW-101

JOBNO: R4 -45525-O| DATE: '.2_/: 124

wocation:  TERmi~A~ 9|

WEATHER COND(TIONS: CLoutv
PURGING DEVICE

(R}
TypeDavic? TVC Feaiiziz,
How was the device d i d?

AsCod ~ WA5,_,/RT~JSE/4;:‘TH,JG<, /D T

AMBIENT TEMP: So

SAMPUNG DEVICE

TEFiLa,

-

o)
T
v
re

73

Type Device?

TESTER'S INITIALS: 33 A’L

How was the device decontaminated?

ALco~K wAJ—c,Aufsr-‘-' /METH,Ja:... /‘_D I

How was the line decontaminated?

How was the line decontaminated?

Which weil was previously purged? MW-Z Which well was previously sampied? = < - /M {/ = 2~
INITIAL WELL VOLUME PURGING ,
Well diameter (in.) g Timestated | . G0 finished 1. ec’
Stickup (ft.) Volume purged oE Th e
Depth to bottomof well (ft.) 1B, 3 Comments on Well Recovery
Depth to water surface (re.) *.04
Length of water (ft.) .24 Additional Comments -
Volumcofwatcr(k}) et B ZeAZT ~
(gal.) (p.ozx 2= 18,¢T . FoTe Opg=
Amount of sediment at .
bottom of well ({t.} Sampies Collected: Stan £.CC
o *,‘[S, { Fnish 2. 'O
IN-SITU TESTING
t 2 3 4 s . 6 7
Well Volume Purged (gal) oy |0 s 29 30 4o sv
Turbidity VERY VER VER!  \Ea VER-1 JEid VER S
QOdec FeFr. = e FAL . HEL  BEL Fuge_
QVA (ppm) ]
piH (units) 638 L.s b.3p 435 bRl (36 Lo
Conductivity (¢ mhos) a4 e Ao S0 Yy 1985 19487 Ziis
WalerTanpaa(urci}CI',F (0. éoq (ao,q\ ni (. . b Ly bl
TOS (mg/0)
NOTES: 1 (1. lengthof 4° = 0.087 (1> or 0.65 gal. 1 1. length of 2° = 0.022 i® or 0.16 gal.

Tucbldity choices:

clear, turbid, opaque




SUMMARY SHEET FOR WATER SAMPLING

[

How was the device decontaminated?

ALCorars” w’Aj-q/?.’J}f/f‘E7HJa_ /D T

PROJECTNAME: TACITic Aofidf . =1« JoeNo: 8F-45525-6| oOAaTE: 2 i3
wewno. MW-10Z,  LocaTion: TERmzNAL S|
WEATHER CONDITIONS: € “cuTf AMBIENTTEMP: SO TESTER'S INMIALS: = 2 /R
PURGING DEVICE _ SAMPUNG DEVICE
TEFLon) TES L.ond
Type Device? Faretn Type Device? Bas g
~d?

How was the device d i

ALlorx wasd /1?:/15 /MET-hl'o-— /D_'_

How was the line decontaminated?

How was the line decontaminated?

Turbidity choices:

clear, turbid, opaque

Which well was previously purged? M\d (0 Which well was previously sampied? = * - -/MHA/ G
INITIAL WELL VOLUME PURGING )
Well diameter (in.) q" Timestated Z2.'5 finished 2128
Stickup ([t.) Volume purged it el Ay
Dapth tobotiomotwait k) 1%« Ln Commaents o Weil Recovery
Depth to water surface ([t.) 2.9
Length of water (ft.) RS} Additional Comments
Voiumcofvlata(ft}) SLIGCHT FuEwL SSop
(gal.) $.S5x3 = lb.(.ab/
Amount of sediment at
bottom of wedl (t.) Samples Collected: San %, 3C
TG TSR
IN-SITU TESTING
1 2 3 a s 6 7
Well Volume Purged (gal) < 10 5 29 z5 50
Turbidity VERY VN NERY VERy Ciound  Ciaui
Odoc SeinqT  SwLAT cmw=  SITRT Siiaa—  SLreHT -
OVA (ppm)
pld (units) ©.}} b. oY b.5 652 649 6.4%
Conductivity (4 mhos) w4s |4Ze qse 13T 30 1385
Water Temperature 5f °€ o3 LT bk BLS  bLlL  Glb i
TOS (mg/U
NOTES: 1t lengthol 4” = 0.087 1t® or 0.65 gal. 1Mt lengthof 2° = 0.022 1% or 0.16 gal.




-

SUMMARY SHEET FOR WATER SAMPLING =

PROJECT NAME:

JOBNO: §9-4S5522 -0\ DATG 12/6{

How was the device decontaminated?

ALConm uaged /R:,JSE /M ETHANC /’DT—

PriirTe /‘/CT.'.JL.‘;, (2
welLno. M/ - [0 wocaton:  TERmMTMA - T
WEATHER CONOITIONS:  ~. - — / AMBIENTTEMP: SO  TESTER'S INIMALS: =3 /R L.
PURGING DEVICE SAMPUNG DEVICE
TEFwo~
Type Device? 3/_‘.:. TR, Type Device? TEFio./ Baze =R

How was the device decontaminated?

How was the line decontaminated?

ALZsrr /ASm /Rzﬂ:‘f //"lE"'-‘ﬂol. /D =

How was the line decontaminated?

Turblidity choices: clear turbid, opaque

Which well was previously purged? MW= 102 Which well was previously sampled? = * - M/ = 10 2=
(NITIAL WELL VOLUME PURGING )
Well diameter (in.) Lt B Time started :2- : :': [inished N 'J --
Stickup (ft.) Volume purged 3 C GA =
Depth to bottom of wedl (ft.) 13,01 Comments on Weil Recovery
Depth to water surface ([t.) 2 9 6 !
Length of water (ft.) .03 Additional Comments ;
Volume of water ((t*) SLIGuT FuEL €3¢ = 1
(gal.) §24 %7 =157 |
Amount of sediment at :
bottom of well ([t} Semples Collected: san 1. S3S -
TR “h 2. \ ﬁnishs_'os
IN-STTU TESTING !
1 2 3 4 5 6 7
Well Volume Purged (gal) 5 e il 2 AT 30 ;
Turbidity e VERY ~ Cgen /S Lol Ty
Odor TeiL Sha— SuTin = St i 52 ItTasT )
OVA (ppm)
pid (units) b.d 5 3r 6,27 A2y L3 L 4¢
Conductivity (i mhos) 135S (3de Y352 (235 T4 12 :
Water Temperature (281 © & bivo 2 s e hle 5.7 )
TOS (mg/U :
NOTES: 1 1. length of 4° = 0.087 f¢° or 0.65 gal. {1, length of 2° = 0.022 (% ¢ 0,16 gal ;




PROJECTNAME: TAcTFIc Nog-Lzes OI<

WELLNO. M- |04 LOCATION:

SUMMA!!Y SHEET FOR WATER SAMPLING =

TEQmi~ AL S|

JOB NO: 8Q-"1$§23—c>\ DATE: /2/‘;/8?

WEATHER CONDITIONS: ¢ LCU‘J\,/
(

PURGING DEVICE

e
Type Device? ?\/C & 91‘-:.’.3_?‘

How was the device decontaminated?

ALcodK WASU /RZJﬁE/MF':mAa‘./D =

-_ .
AMBIENTTEMP: 35O TESTER'S INMTIALS: ~° / R:i.
SAMPLING DEVICE

TypeDevice? | EFzar CSeToEL

How was the device d taminated?

Arcondy” u,;_fu/'c"-..::E /“Ercdrr'c'-/> 4

How was the line decontaminated?

How was the line decontaminated?

Which wdil was previously purged? MW =10,
INITIAL WELL VOLUME
: 0
Well diameter (in.) q
Stickup (ft.)
Depth to bottom of well () 7.4

Depth to water surface ([t.) £.C2% w/avET

Which well was previously sampled? = ° /":;I\_} =1t

PURGING i
Timestarted 2. ' finished 310
Volume purged 5- C A —

Comments on Weil Recovery

Turbidity choices: cleae, turbid, opaque

Length of water (ft.) 10.2¢ Additional Comments T oT ~ OIS
Volume of water (ft°) L1 ¢ ASE W 1
(gal.) F.cax3=21.2Q 8.2t FTisei Phae . — i
Amount of sediment at :
bottom of well (It.) Sampies Collected: Swn I 15 {
TPH 48, | Anish 3, 25
IN-SITU TESTING x
1 2 3 a 5 6 7
Well Volume Purged (gai) 1 Q 23 4 P S0 :
Turbidity VEay N T VERY  VER VERY :
Odor Feeo B FuEC  fit e oz )
OVA (ppm) »
pi4 (units) §.47 AT b.S8 Ml LY4
Conductivily (u mhos) //0p  'iRG 1103 1k /50 :
Water Temperature (€T~ * = ko.y b2, 6oS 66.6 0.5 )
TOS (mg/U
NOTES: 1 ft. lengthof 4° - 0.087 (¢> or 0.65 gal. 111, lenqihof 2° = 0.022 117 or 0.16 gai. o




PROJECTNAME: TPacrFlc AMorTHeER~r Orw

SUMMARY SHEET FOR WATER SAMPLING =

J08NO: §94-4SSZF - O\ oatE: 12/7‘/8?

ALl < /asH /"#5 = /‘:‘rnuo-—/'b o

ALLOAK WVASa /Z‘./JE/H ETNAOC / =

How was the line decontaminated?

How was the line decontaminated?

TDS (mg/U

Which wecll was previously purged? M - 1A Which wall was previously sampled? =~ - M =/ = [ /
INITIAL WELL VOLUME PURGING

Well diameter (in.) 2" Timestarted ;.02 finished 13F
Stickup (ft.) Volume purged 13,580

Depth to bottom of well (It.) 13.20 Comments on Weil Recovery

Depth to water surface (ft.) ?.35

Length of water (ft.) ? ﬂ s Additional Comments o= ST,

Volume of water () SC138~ Scwwias

(gal.) l.4ex3 = 4,39
Amount of sediment at
bottom of weil (ft.) Sampies Collected: Stan 11140
TvH 4H18. | Faish 11, 15
IN-S{TU TESTING
{ 2 > 4 5 6 7

Well Volume Purged (gal) z.5 5 \T .S {o 2GS \5' 13 S
Turbidity MR R / Ciav s Cirurr  Quvigy Croug Creugy 1/5.(5{
Odoc FuTL  FUEL Fuge g FE. FUEL Fur -
OVA (ppm)
phitntsd b2y, .28 635 4L kds b 652
Conductivity (4 mhos) 10Qy ICan 83 35 TRo A1 930
Wa(afmpaa(utc(}ef.; b3 fdl-"{ &\ < /f‘\.'"{ bi.Y 6L, 1Y

NOTES: 1(t. length of 4°

Tucbidity choices:

= 0.087 (1> or 0.65 gal. 111, lenqth of 2° = 0.0221t” 0r 0.16 gal.

clear, turbid, opaque

weLno. MW= Z  Locamon: TERMINVAL 9|

/ °or -
WEATHER CONDITIONS: TLoumY AMBIENTTEMP: S5O ~ TESTER'S INMIALS: = /RL
PURGING DEVICE SAMPUNG DEVICE
Type Device? TeFwsd Ta=.Ta TypeDevice? TE >~ a- _Eit
How was the device dex i How was the device d inated?




SUMMARY SHEET FOR WATER SAMPLING S

Josno: ¥A-45523- O\ pare: 12/“/8“1

How was the device decontaminated?

Arcomyc wASH Rsvsz / rMerd~ce / DT

PROJECTNAME:  FoicIr. - rlee-.n i QT ]
weLLNO. M - 5 LOCATION: TERMII A Gl |
WEATHER CONDITIONS:  CLouDn/ AMBIENTTEMP: S O TESTER'S INMTIALS: >° /g i
v Pienie =
PURGING DEVICE SAMPUNG DEVICE
PRosue~™ SRiFTAR THEO
TypeDovice?  TECLo/ SLTiF= Type Device? Telicnd FrAlaZR

How was the device decontaminated?

ALCom o s A T2 /—v grmoe /) DT

How was the fine decontaminated?

How was the line decontaminated?

Which well was previously sampled? =~ - M 3/ <~ ¢ o

Turbldity choices: clear, turhid, opaque

Which well was previously purged?

INITIAL WELL VOLUME PURGING .

Well diameter (in.) Zz* Timestated 3.2 finished 4 )
Stickup (ft.) Volume purged I1S” GAc

Depth to bottom of well (ft.) |55 S Comments on Well Recovery

Depth towater surface{ft) '~ => .. 7 ‘

Length of water (ft.) T- 79 +Additional Comments == (. c’_;g{
Volumeofwala(ftz) .'2_5. Freg=-» 0% T, 3% se-

(gal.) 1. 26>3=7%,8 1 TCHEE U
Amount of sediment at
bottom of weil (It.) Sampies Collected: san H. S
TPH 418.\ A, 20
IN-SITU TESTING
1 2 3 4 5 6 7

Well Volume Purged (gal) 2.5 S 2T 10 2. 5 1S

Turbidity Ceaviy Cloyyys ClouTf Slgegy <CovD/ Clouly

Odor Fude FYEC P! Fug FYBL  FLsC -
OVA (ppm)

pH (units) b2 623 6.2F L.LG b.24 4,.3 G
Conductivity (4 mhos) 1077 A [0Gc 0B 109, 16¢C
Water Temperature (287 v el b2 c2- 62 bl.a G'C‘ )
TOS (mg/U
NOTES: 1 f1. length of 4" = 0.087 1t® or 0.65 gal. 101, length of 2° = 0.022 11 or 016 gai. o

|
'




) J

SUMMARY SHEET FOR WATER SAMPLING =
PROJECTNAME:  Pac:iFz- rlop~uz.. “le J08NO: 39-4532%-0 1 oOaTE: 'Zle(,o.c
WELLNO. MW - (o LOCATION: TERMTJA  F\
WEATHER CONDITIONS: £ 2ocs+/ AMBIENTTEMP: SC Tester's nmacs: IS /R L
PURGING DEVICE SAMPLING DEVICE
TEFLo
Type Device?  Bar.£AQ TypeDevic? TEFLc~r/ TBazcZR_
How was the device decontaminated? How was the device decontaminated?
Arconx /225t frtminine [ DT Avcen ot nlf [ pEriipir e /DT
How was the line decontaminated? How was the line da:)ﬂt.amina(ed?
Which well was previously purged? N OHE  18™ roia Which well was previously sampled? = - I/o;,E = l kY WEL L
[NITIAL WELL VOLUME PURGING )
Well diameter (in.) e Timestarted [+ O3 finished 220
Stickup (It.) Volume purged IS zec
Depth to bottom of well (ft.) 13.4 Comments on Well Recovery
Depth to water surface (ft.) €=
Length of water (ft.) 3. 83 Additional Comments '
Volume of water ((t}) FUE. ool STRAS ~=— .
(gal.) 1.8 3= 4,32 SCHEES O~ waTEL JSukFaAC=_ l
Amount of sediment at ‘
bottom of well (ft.) Sampies Coliccted: St Z 02 i
o4 “ig.| Fnish 215
IN-SITU TESTING :
i 2 3 4 S 6 7
(
Well Volume Purged (gai) 2.5 g.0 3.5 G 12,5 |5 i
Turbidity Cuau. Suget Cemry Cortinds SoPE i SemB AT
Odor Fup oms prl B LT Fogo Fug.  FEL i
OVA (ppm)
pid (units) b.19 GoE% &.2 6.2 £.34 b i
Conductivity (u mhos) |0\_ "fo So Z3 ?80 2 — <— !
- N
Wa(a'l’anpqa(urc%'o}— b2.9 b3y b2, 2 63.2 £3.% 2,2
TDS (mg/U
NOTES: 1 (1. length of 4° = 0.087 (> or 0.65 gal. 1. tength of 2° = 0.022 (1 or 0.16 gai.
Turbidity choices: clear, turhid, opaque




SUMMARY SHEET FOR WATER SAMPLING =

PROJECTNAME:  Pacrrr< Mogedzrd CT o

J08N0: 84-~455Z23-01\

TERMIvar 9

WELLNO. MW=~ \\ LOCATION:
WEATHER CONDITIONS: ©/Z3¢,02 7
PURGING DEVICE

TeFco/

2
Type Device? Zax =

’
-

m

How was the device d i d?

ALl WASH AL/.’E /P‘ETHNC:.—/‘DI-

AMBIENT TEMP: TESTER'S INTIALS: S
SAMPUNG DEVICE

TE FLo ,J
Type Device? 2 TLER

How was the devi

ALcor w—*ﬁ-‘/*-#.sc / T~ Ce /D.'

How was the {ine decontaminated?

How was the line decontaminated?

Which well was previously purg<:d'.’| 2’9//8‘:\\ ‘./\] - |0 3 Which well was previowsly sampled? = ° "M WJ= 16 3
IN[TIAL WELL VOLUME PURGING )
Well diameter (in.) Z‘\ Time started 9 3C finished N 30—
Stickup (ft.) Volumepurged | 3.5 L4 _

Depth to bottom of weil ([t.) (~. 85 Comments on Wdl Recovery

Depth to water surface (ft.) L.

Length of water (t.) .24 Additional Comments

Vo(umcofwata'((tz) ST by~ SCIEEa /jg:;,_,,— o=

(gal.) 1,342 =4.03
Amount of sediment at
bottom of weil ([t.) Samples Collected: Stat 1O -{O
TPH He. | Fnish [O43
IN-STTU TESTING
{ 2 3 4 5 6 7

Well Volume Purged (gal) 2.5 %o .S e) V2.5 'S (4.5
Turbidity VER( VER/ ES VERY VER| Ceoumy  Crouny
Odoc Fup. LA™ SRIGAT St a SiTEuT L SL'GH’ ;.,:_;_:_x_-—'-
OVA (ppm)

A Lsesital eq4d  bb§ 6.5  bby 6.4 Lde T
Conductivity (1 mhos) 1310 AN Zlla  22bg 7250  2'S0 LS
Wa(«Tmpqa(ufcwoc 60.8 n| R AT i T Gl o E‘-
TOS (mg/U
NOTES: 1 (t. length ol 4° = 0.087 f(J or 0.65 gal. 1 {t. lenqth of 2° = 0.022 ll) or 0.16 gal. .

Turbidity choices:

clear, turbid, opaque







APPENDIX C

CHAIN-OF-CUSTODY DOCUMENTATION AND LABORATORY REPORT ANALYTICAL RESULTS

Converse GES




Lauclzs

esting Laboratories, Inc.

940 South Hamey St., Seattle, Washington 98108 (206) 767-5060 FAX 767-5063

Chemistry. Microbiology. and Technical Services

Converse Consultants NW Date Received: 10/30/89
3131 Elliott Ave West, #3530 Date Reported: 11/06/89
Seattle, WA 98121 Work Order: 89-10-233

Categery: 1184008
Attn: Erick Miller

Work ID: Pacific Northern
PO#: Job No. 89-45527-02

t MW1l Southwest MW6 Center MW2 Nerth Well MW3 Southeast

Units Corner Well Well
10/30/89 11:3% 10/30/89 12:20 10/30/89 12:56 10/30/89 01:44

mg/L

Certified By:

ﬁ?f?_ oI,
[

Charter Mernber American Council of Independertt Laboratories

' (Methed EP 418.1) 7.4 13. 18. 130.




| Laucks

esting Laboratories, Inc.

940 South Hamey St., Seattle, Washington 98108 (206) 767-5060 FAX 767-5063

Chemistry. Microbiology. and Technical Services

REPORT ON WORK ORDER 8910233 PREPARATION BLANKS

Test : TPH (Method EP 418.1)

Blank Name : Bl1101lOGWO1l Preparation Date: 11/01/89

Conc Found : 0.500 U Control Limit g 1.Q00

Units 1 mg/L

This blank and comments, if any, apply to the following sample(s):
1-4

X outside control limits

cC
0w

analtye not detected

Charter Member American Council of Independent Laboratories




Laucks

Mw Z )

2:56

Vot Well |

- / Testing Laboratories, Inc.
HAIN OF CUSTODY RECORD DATE /O//;IO//B? PAGE _/ OF 940 SuuhlhtmySl Scaule Washingion 98108  (206)767- 5060
e Er Convefse. GES TESTING PARAMETERS g
'DRESS 3121 Ellett Avevve o)
Soive. 560 A\ i
enon_E0cK Millec " & OBSERVATIONS, COMMENTS,
ey e Pasibii o (thexin e~ < SPECIAL INSTRUCTIONS
)BIPO. NO. %ﬁ ‘{5527 - \J ?
.\Mmfﬁflewm\ (PR TEI}\‘r‘lAn,tE) g E
AB NO. JLAB SA #] SAMPLE NO. | DATE TIME LOCATION S
w35 (12 Pereagr [ 2
M. o |12:20]center pell N 2
'
A

Mz | -

[ :55|Sovtheaey kil

ELINQUI D 8Y DATE RECEIVED BY DATE
j . TOTAL NUMBER OF CONTAINERS: SHIPMENT METHOD:
%’ /%a SPECIAL SHIPMENT, HANDLING OR STORAGE REQUIREMENTS

GNATURE__/ / SIGNATURE INSTRUCTIONS:
'Dad O / )//)uz.'/ D« _|TIME v TIME 1. Shaded areas for lab use only.
HINTED NAME PRINTED NAME 2. Complele in ballpoint pen. Draw one line through
7 A2 S / 4 é J’W ercors and inilial.
ey oz COMPATTY 3. Be specilic in lesl requesls.
ELINQUISHED BY DATE RECEIVED. BY DATE 4. Check olf tests lo be performed lor each sample.

. . ’0 5. Relain final copy after signing.

01// oA Lﬁ—é{h/) /6 9/8' d)6. Provide name and telephone of your contact person.
\GNATURE smmtuns 1
TIME Lisoa Mo Fop TIME NAME

HINTED NAME PRINTED NAME 3 :05‘

LAUCKS TESTING LABS ' TELEPHONE
APATY N £ A— a -




. LalleS®

esting Laboratories, Inc.

|

940 South Hamey St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063

Chemistry. Microbiology. and Technical Services

CLIENT: Converse Consultants NW

3131 E11iot Ave West, Suite 550

Seattle, WA 98121
ATTN: John J. Strunk

REPORT ON: SOIL

DATE:

LABORATORY NO.

PO# 89-45527-01

SAMPLE

IDENTIFICATION: Submitted 12/01/98 and identified as shown below:
1) _MW-101 7.5' - 10' 4% 00
2) Mw-101 10' - 12.57 306
3) MW-101 12.5'- 157 <26
4) MW-103 7.5" - 107 400
5) MW-103 10" - 12.5° 1,900
6) MW-103 12.57- 15" 4
7) MW-102 7.5' - 10° 29000
8) MW-102 10' - 12.5° \7 000
9) MW-102 1Z.57=- 15" 20
10) MW-104 7.5 - 10" 3 00
11) MWIO4 107 12.5" 15, 000
12) MW104 12.57 - 157 200

TESTS PERFORMED
AND RESULTS:

Sample was passed through a No. 10 sieve, with percent retained and description
of retained matter shown below. Only material passing the sieve was analyzed.

Sample No. % Retained

Major Description

WOoOoONOYLLH WM
wn
o

Rock
Rock
Rock
Rock
Rock
Rock
Rock
Rock
Rock
Rock
Rock
Rock

. This report is for the use of the person,

ShiD, Of CO:

will be &

Description

no

jon to whom it is addressed. Swuqumunolmnnmamwyo'w

member of its statf in connection with he advernsing or sale of any p
for the due pert of jon and/or Y mmmmmmmmdwmwdw

or pr

onty on

ertificate

89-12—oo1
Jan. 2, 1990



' LauCkS@

esting Laboratories, Inc. Certificate

l 940 South Harney St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063

Chemistry Microbiology. and Technical Services

Converse Consultants NW

Total Solids, %

Total Petroleum Hydrocarbons
0i1 & Grease

Key

< indicates "less than"

PAGE 2
LABORATORY NO. 89-12-001
PO# 89-45527-01

1 2 3 & 2 5

84.2 80.4  80.8  93.2  83.7 79.7

7 8 9 10 11 12
88.3 80.3  80.8 . 82.6 80.8  82.2

parts per million (mg/kg) dry basis

Lo 2 3 A 1. 6
4,600. 310. <20.  4,700. 7,800. 47.
7 8 9 10 11 12

39,000. 17,000. 220. 9,000. 15,000. 200.
Method Blank

<20.

Respectfully submitted,

Laucks Testing Laboratories, Inc.

C?M
. M. Owens

MO:bv
, i This report is submitted for the exclusive use of the ip, Of COMx : mmnnmswmdenwdm:mmmw
3 H mummﬂmmmnmmumdwmamﬂummm Y no respor y excapt
for the due per of i and/or Y nmlmwmmmommo‘mmmdm



Lauckso

Testing Laboratories, Inc. Certificate

940 South Hamey St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063

Chemistry. Microbiology. and Technical Services

APPENDIX A

Matrix Spike/Matrix Spike Duplicate Report

parts per million (mg/L)

Spike Sample MS % MSD % QC LIMITS
Sample Analyte Level Result Result Rec Result Rec RPD RPD REC
3 0G 664. <20. 574, 86 546. 82 5. 82-114 0-13
MS = Matrix Spike Rec = Recovery
MSD = Matrix Spike Duplicate RPD = Relative Percent Difference

\ This report is for the mdwmmummmnnm%mdhmdmwww
S li? member of its staft in connection with the advertising or sale of any p or pr will be gr only on Y no lity except
for the due pertor of i and/or y -nmmwmmmmwdmmwﬂm




, LauckS@

esting Laboratories, Inc.

Certificate

' 940 South Hamey St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063

Chemistry. Microbiclogy. and Technical Services

APPENDIX B

Copy of Chain-of-Custody is Attached

g Wdcumﬂvnmmummusodm or will be or only on This

X, This report is submitted for the exciusve use of the person, par or 10 whom it is addressed. Subsequent use of the name of this company or any

)4 for the due per of i ana/or Y mwoﬂfmﬂmmmmon“d“mmdoﬂm
T ®

no ulity except




L S RE SR O Em R N WS O NN W
/‘c/f“ Converse th Geoenvllonmenlgl§glv|gg! - ~ - - - — -

' -‘~?-.:ést:~ o of a8 Vi -.-::-'...CllAIN OF CUSTODY RECORD

&

Project No.. Project Name By B o . 6’»‘/ . '
1-4552%-0\ . |Paczrrd. NoRrHECS Ou. -Ef*m ﬁl s b % 5 ' b
Samplers: (slgnature) - = R IR - o, {b ' LY
I SRR 0¢"‘ 9 ' A A é’ B '(é" Jin'r
b Q. at 2 5 : ' - oo GRS e in E
tatlon b te | Time & Slallon Locallon !‘ A Zo &ﬁ\}‘ “ % Remarks |
Noc U 1.. ¢ ')_;i- . ) oy G ’
V=10l fnfzqfeq] 10336 | - ha10)  1.5- 10" % I B I Sole  JSAMPLES .-
iwio| ulqug‘ loif3. | MwW=io| !, lot - 1Zow A N N Wov: & e
o) |nlzsleg 0SS | M-1of- 128 — 15" ‘| I L L L
IWie3 |nfzalen z:45 | Mw=:103.; 1.5 0:,-/ [t ) : . 0 : "r_\' LT
1016 |hasleq|3i06 | M~ 103 1o w1285 i v ] ) B RN u SYUEOD
MW=10312¢5 — 1S i | ) ' e e e '

wioy Maglef3x |
fwioz |'efsy|%22 | -
wwioz [eley|d.3%
100t |“frleq [1°948

twioY [heleg [11:23”
wiey |“hop} |11i3)
1w 104 |3ty il o

(- ‘_I'l"-;-., _“. C ot -."

0" H .

M- io%: oS HEL
Mudstez 167 = 1ZiS b i
Mw'}-lokﬂ!‘.li’.gl.‘.,LS_.-,:,,;:- Lithes
MW isipl. 5 hrro L
Fd 104 16 =425 0 | L
MW 108 42, S 15 G |

. . . R
o I Ll A, e s

il ] N T R

oo

T

|wwwquwﬂ\\«www\
|

SRRV

« ¢ : . : [}

: . Y _2 £ ‘.‘ K . s : . ) . > : ‘. 5 . 3
Relinqulshed by: (slgnalure) ID te/Time ; Recelve slgnalure) Relinquished by: (signature) | Date/Time - Recelygd by: (slgmﬁ
QO//:’\ - b { ‘(lz ‘fé?m "4 /l gt v ; B 1';i-'. oot

TRelinquished by. (signature) Date/Time Recelved by (slgnalure) Rellnqulslxed by: (slgnalure) Dqle/flma .| Recelved by: (slgnature

s 4 2 - ooy o el
i B e L B T o
pE l, { ) . ¥ Al B \.' 1,.. s ..,a. 5 [

Relinqulshed by Courlen s Date/Time Recelved by Moblle Lab: Rellnqulshed by Mobile Lub Dale/Tima'. Recelved by Courler:

(signalure) i rogwgii | | iy | (stgnature) . 5 | lgnalure) - . . , | signature) -
_"I' »'..“ |4..': S s e ,|‘l . ot

Method of .SI\Ipment Y ML P TLE Shlpped by (slgnalure) Courler from Alrport: .. |Recelved for Luborulory: Date/Tim
. T fi : ‘...: ‘* . ‘_“,:';;."v Wy 1 v : (s'gna'ure) . (SIQHG'UI'G) .

. 1
Ll SR
1 N ’nl |
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Lauckw R

esting Laboratories, Inc. T eoveEnsE Certificate

940 South Hamey St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063 —

Chemistry. Microbiology. and Technical Services

CLIENT: Converse Consultants NW LABORATORY NO. 89-12-066
3131 El1l1iot Ave West, Suite 550 ;
Seattle, WA 98121 DATE: Jan. 2, 1990

ATTN: John Strunk/Erick Miller
PO# 89-45527-01

REPORT ON: WATER

SAMPLE
IDENTIFICATION: Submitted 12/07/89 and identified as shown below:

MW-101 PNO
MW-102 PNO
MW-103 PNO
MW-104 PNO
MW-2 PNO
MW-3 PNO
MW-6 PNO
MW-11 PNO

O ~NOYUV B WM
e e e e e e e

TESTS PERFORMED
AND RESULTS:

parts per million (mg/L)

e L. 3 R S
Total Petroleum Hydrocarbons
0i1 & Grease 28. 6.9 6.9 6.2 3.0
6 7 8 Method Blank
52 2.8 <0.5 <0.5

Key
< indicates "less than"
Respectfully submitted,

Laucks Testing Laboratories, Inc.

M Owens

3 for the use of the person, p or X mmnuqu@odedmwuw
calif member of its staff in connection with the adverusing or sale of any pr or pr wiil be & only on pany nor bality except
of i and/or Y on@oalummmmmmmdmmwdm
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esting Laboratories, Inc. Certificate

l 940 South Hamey St., Seattle, WA 98108 (206) 767-5060 FAX 767-5063

Chemistry Microbiology. and Technical Services

APPENDIX A

Matrix Spike/Matrix Spike Duplicate Report

parts per million (mg/L)

Spike Sample MS % MSD % QC LIMITS
Sample Analyte Level Result Result Rec Result Rec RPO RPD REC
8 0G 107.4 0. 86. 80% 85. 79% 174-126 0-11
MS = Matrix Spike Rec = Recovery
MSD = Matrix Spike Duplicate RPD = Relative Percent Difference

This report is for the use of the person, par ip, OF corporation to whom it is addressed. smmmdwmdmnmaany
~aiif member of its staif in connection with the advertising or saie of any p or pr will be or onty on Y no lity except
= rormoduopoﬂonmneoofmsp-cnonmm-nwmmwmwmmdmmwdm
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Chemistry Microbiology. and Technical Services

APPENDIX B

Copy of Chain-of-Custody is Attached

This report is d for the use of the person, p: ND, Of COMp wmnummmdmmummaw
member of its staff in with the ing or sale of any pr or P will be onty on Y no y except
fwmmmmdnwmmmmlmwmnqmmnuudmomwdw
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Laucks

Testing Laboratories, Inc.

®

PAGE OF 940 South Harncy St Seaile Washingion 98108 (206)767- 5060

€ CoNVERSE. SonsusTAnTS NV TESTING PARAMETERS N
RESS 313 E4LTTT AVE. SATE S o

SBATT<E,_ WA 1812 | = F
ENTION: o 'S TRUN < | © 8 " OBSERVATIONS, COMMENTS,
scinme _ PASTIRTS  AORTHE@ OT r fi SPECIAL INSTRUCTIONS
1IPO. NO g9- YSS‘ZQ-Q! - ,f,
APLER (SIGNATURE) (PRINTED NAME) N
S ol pF ¥ ToHN STRUMN, }\ <ﬁ/\/\/\ %‘52 [ Plalo | §
3 NO. |LAB SA ¥] SAMPLE NO. DATE TIME LOCATION - (’1 S "
! [Mw-101 fizl3 [2'c0| P v Z | AvaLyee o~/ |
2 MwW-10z. 12 3130 | Pro v Z.| SAMPLE ColrAnJEe
3 Mw-103 )2/, [4iSO| PO v Z| TER SITE,
o Mw-i1oy 23 30157 | Puvo v Z|  THE Zup CowTaTce
S Mw-2. 1z[T |1iq0] Pro v Z.| Ts A BExTeA—
2 Mw-3 (2] [4h5 | Pao v 2| TN cASE oF
3- Mmw-G I1z]e [292] Pvo | ya VRo e CodTAER
| IMw- 1\ iz [16i90] P a s

]

LRGSRy S RECEIVED BY s TOTAL NUMBER OF CONTAINERS: | I(p |SHIPMENT METHOD: .
. cjgg "‘ (] ;ﬁ/"a IZ SPECIAL SHIPMENT, HANDLING OR STORAGE REQUIREMENTS
h?nme h)ei SIGNATURE INSTRUCTIONS:
GH,J STR (VINE o TIME TIME 1. Shaded areas lor lab use only.
HTED NAME PRINTED NAME 2

WVERSE G‘VSUL'!A\J]I N\J

“APANY

. Complele In ballpoint pen. Draw one line through
errors and Initial.

. Be specilic in lesl requesls.

LINQUISHED BY

JHATURE

TIME

INTED NAME

ih

‘11)3

{ L/'Sa_r‘/?’)a .A’z'jo

. Check off tests lo be performed for each sample.
- Retain linal copy alter signing.
- Provide name and telephone of your conlact person.

rRINl'ED NAME

‘i ‘LAUCK§ TES‘I‘MG LAds

S b

wme_ERTCK, MTCLER
285~ 5200

TELEPHONE







APPENDIX D

PRODUCT RECOVERY TEST

On October 30, 1989, a product recovery test was performed on the 2-inch
diameter, monitoring well MW-3 based on a method presented by Gruszczen-
ski, 1987(1). A1l product was bailed from the well using a Teflon
bailer and decanted into a 55-gallon drum. The rising water/product
interface and top of product level was measured using an 0il Recovery
Systems (ORS) interface probe. Results of the test are depicted graphi-
cally in Figure D-1.

Because the apparent product thickness is greater than the actual prod-
uct thickness in the formation, then at some time during recovery of the
product in the well, the product thickness in the well bore will equal
the true product thickness. This point is the inflection point of the
water/product interface measurements in Figure D-1. Results of the test
indicate a true product thickness of less than a half inch. Results of
the test are shown schematically in the calculation brief presented in
Figure D-2. The true product thickness will be useful for estimating
quantities of fugitive petroleum when the extent of the product lens is

known.

(I)Gruszczenski, T.S., 1987, Determination of a realistic estimate of
the actual formation production thickness using monitoring wells - a
field bailout test, in Petroleum Hydrocarbons and Organic Chemicals
in Groundwater: Prevention, Detection and Restoration.
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